
t 
d' 

SEMIANNUAL PROGRESS REPORT I1 

NsG-551 

A S t u d y  of Low-Thrust G u i d a n c e  Methods  

B. D.  T a p l e y  

A s  t r o d y n a m i c s  Research L a b o r a t o r y  

The U n i v e r s i t y  of T e x a s  
A u s t i n ,  T e x a s  

November 9 ,  1964 



4 
I '  

SEMIANNUAL PROGRESS REPORT FOR NsG-551 

A Study of  Low-Thrust Guidance Methods 

The proposed s tudy h a s  a s  i t s  o b j e c t i v e  t h e  comparison and 

e v a l u a t i o n  of e x i s t i n g  methods and t h e  development, where necessary ,  

of  new methods f o r  gu id ing  low-thrust  space v e h i c l e s  on i n t e r p l a n e -  

t a r y  t r a n s f e r  missions.  The pre l iminary  p o r t i o n  of  t h e  s tudy has  

been devoted t o  comparing t w o  e x i s t i n g  d e t e r m i n i s t i c  guidance methods. 

The two methods under s tudy are t h e  Lambda Matrix Con t ro l  Scheme' 

and t h e  Extrema1 F i e l d  Cont ro l  Scheme. 2,3 

Presen t  State of, I n v e s t i q a t i o n  

A s  r epor t ed  i n  Ref. 4 ,  t h e  s t e e p e s t  a s c e n t  op t imiza t ion  

scheme is  n o t  r e a d i l y  adapted t o  computing t h e  r e f e r e n c e  trajectories 

fo r  t h e  low-thrust  t r a n s f e r .  P re sen t  e f f o r t s  t o  remedy t h i s  problem 

inc lude :  (1) e f f o r t s  t o  determine t h e  optimal weight ing  m a t r i x  f o r  

t h e  s t e e p e s t  a s c e n t  trajectory i n  o rde r  t o  accelerate convergence 

and ( 2 )  i n v e s t i g a t i o n  of  a method d i scussed  by J a ~ w i n s k i . ~  The 

second method has  t h e  advantage t h a t  t h e  c o n t r o l  program-on a l l  

t ra jec tor ies  s a t i s f i e s  t h e  necessary Euler  equa t ions  f o r  an opt imal  

t r a j e c t o r y .  

t i o n s  only a f t e r  convergence t o  t h e  t r u e  optimum i s  a t t a i n e d .  

The steepest a s c e n t  ' t rajectory w i l l  s a t i s f y  t h e s e  condi- 

The gene ra t ion  of t h e  Lambda Matr ix  Con t ro l  Scheme d a t a  has  

been completed. N u m e r i c a l  r e s u l t s  f o r  a ,  180-day t r a n s f e r  have been 



problems encountered i n  t h i s  r eg ion  w i l l  be more c r i t i c a l  

than t h e  requirements  encountered i n  h e l i o c e n t r i c  space .  

4 .  The i n i t i a t i o n  of work on s i m u l a t i n g  t h e  behavior  

of  t h e  c o n t r o l  schemes when they are s u b j e c t e d  t o  random 

obse rva t ion  e r r o r s  and random errors i n  t h e  a p p l i c a t i o n  of  

t h e  p r e s c r i b e d  c o n t r o l  d e v i a t i o n .  

It i s  a n t i c i p a t e d  t h a t  a f i n a l  r e p o r t  cover ing  t h e  f i r s t  

t w o  o f  these i t e m s  w i l l  be completed by February 1 ,  1965. 
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